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Abstract 
Silver nanoparticles dispersed into a resin are deposited on silica glasses by the spin coating method and 
heated around 100 °C. UV-VIS measurements show high stability of the optical spectra after heat 
treatment, suggesting that the morphology of the silver nanoparticles are stable. The transmission 
electronic microscopy images exhibit huge spherical aggregates and prolate silver nanoparticles. In order 
to evaluate the roughness and solar optical properties, reflectance spectra, atomic force microscopy and 
perfilometric measurements are performed. The chemical composition and morphology of the films are 
analyzed by energy-dispersive X-ray spectroscopy, EDX. The optical properties of the films show high 
absortance and low emissivity in the visible and near infrared range, respectively, suggesting their 
potential use as photothermal selective materials with good thermal stabilization. This feature is an 
important prerequisite of coatings for the solar collector manufacturing. The optical properties, the thin 
film thickness and roughness are correlated among them to understand the selective response of the 
coatings 
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1. Introduction. 
The optical properties of metallic nanoparticles dispersed in dielectrics have been a current topic 
because of their several technological applications in optoelectronic1, catalysis2, magnetic recording3, 
biosensors4 and solar energy5. The optical response of these structures is called surface plasmon 
resonance and depends of several factors such as morphology, surrounding medium and state 
aggregation6. Any change on these factors lead to colorimetric changes of the dispersions.  Specifically, it 
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has been prepared silver nanoparticles with a variety of shapes such as triangular, pentagonal, prolate, 
spheres, rods, cubes and prisms7-8. Sizes from 1 nm up to hundreds of nanometers have been obtained. In 
particular, small silver nanoparticles dispersed in liquid phase exhibit a yellow color but turning to brown 
or gray when the nanoparticles increased in size. The sequence of color changes could cause a strong 
absorption and broadening of the optical band in the range between 400 and 1200 nm due to the plasmon 
mode of metallic silver particles9.  So, several optical properties can be altered by the means of layers 
deposited on substrates. For example, highest reflection in infrared spectrum (2.5–50 μm) for silver 
nanoparticles supported in silica glass or copper oxide substrates has been reported for maximum solar 
energy collection10. For applications such as solar selective coatings, these optical features are required to 
improve the performance of solar collectors11.  So, it is desirable the preparation of novel composites 
which unique structural features to applications in solar energy.  
. 
 
Nomenclature 
α Solar absorptance  
ε  Thermal emittance 
S Solar Selectivity, = α/ ε 
1.1. Experimental 
For the preparation of the solar selective coatings the following procedure was used.  Silver nitrate is 
dissolved in a transparent organic resin, at concentration of 0.1 M. Subsequently, dimethyl-formamide is 
added at room temperature under constant agitation. A yellow color is observed at the few minutes of 
start the reaction and turning to black color when finish it.   Then, the silver nanoparticles are dispersed 
by the spin coating or the dipping method on copper cleaned substrates at the indicated concentration and 
one or two layers were deposited in order to get films of different thickness.  A further drying of the 
samples around  800 C is allowed in order to obtain a black and uniform thin film on the copper substrate. 
Chemical characterization and solar optical properties are evaluated by means of the analysis of measured 
spectral reflectance with a UV-Vis-NiR spectrophotometer 
1.2. Results 
The optical absorption spectra of suspensions prepared with  0.1 M of silver precursor salt showed a 
slow evolution of the maxima and intensity during the reduction. The suspension acquires a yellow color 
up to 35 minutes and the maxima peak is located at 410 nm  due to small nanoparticles of silver (from 2 
up to 15 nm). The intensity of the resonance gradually increases and its maximum shift to longer 
wavelength suggesting that the particle size increases. In particular, the suspension turn brown up to 90 
minutes of reaction and the surface plasmon resonance is located at 450 nm (particle size around 60 nm). 
After several days the suspension turns black and the optical absorption spectrum is broad with maxima 
located at 610 nm (Fig.1).  The absorption maximum of aggregated silver is observed about 500-600 nm. 
It is possible that a broad distribution of particle sizes contribute to the optical absorption spectra. 
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Figure 1. Optical absorption spectrum of silver nanoparticles prepared with 0.1 M of precursor salt after several days of reaction 
time. The inset show the deep dark aspect of the black suspension of silver particles of large size. 
1.2.1. Solar optical properties. 
 
The black suspension was deposited on copper and silica glass and copper substrates by the dipping 
coating method. In order to investigate the optical properties related to the absorptance and emitance of 
the films, solar total reflectance curves were measured in the UV-vis-NIR region. Figure 2 shows a 
typical reflectance spectrum in the 0.2 to 2.5 μm region, obtained with a UV-Vis-NIR spectrophotometer 
Cary 5E.  As is noted in the figure, a small decrease in the reflectance is observed for two dipping 
coatings compared with one coating heat treated at 1000 C, typical of the solar absorptance increasing. In 
this work we didn’t investigate the influence of the number of drippings in the value of the solar optical 
properties, because after two drippings the optical properties values don’t change appreciably. 
 
From these measurements also can be obtain the absorptance, α, and the emittance ε, using the Duffie 
and Beckman methodology; the thermal emittance were measured by means an emisometer form Devices 
and Services Co. In the table 1 it is shown these optical properties as well as the selectivity value,  S = α / 
ε. The samples practically have similar solar selectivity value, but different solar optical properties. 
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Fig. 2. Reflectance spectra of thin films Ag particles-organic matrix/Cu substrates, a)1 coating and b) 2 
coatings, 85 0C TT. in the UV-Vis-NearIR wavelength range. 
 
 
 
 
 
Fig. 3. Mapping  of a thin film, black Ag/glass slide, using a Profiler DekTak Brucker, where it is 
observed the step on the glass to thin film on glas, that let us observe surface roughness and thin film 
thickness, sweeping a long surface area close to 20000x100 microns. 
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Table 1. Solar and thermal emittance of a Ag-epoxic  matrix resine/Cu substrate prepared at several 
conditions. 
 
 
Ag/organic resin/Cu substrates α                    ε S 
1 coating 0.1 M, 850C 0.75              0.20 2 
2 coating 0.1 M, 850C 0.82              0.24    4 
 
 
 
 
1.3. SEM and EDS 
In order to observe the morphology of the black Ag/metallic or silica substrates,  Fig. 4, shown a SEM 
image of a representative thin film sample, silver nanoparticles-organic matrix/Cu substrate. Cleary can 
be observed several sizes and shapes of silver particles from spherical particles of small size (2r = 10 nm) 
up to  big particles (up to 500 nm). It is interesting observe that even when the sample was heated at 2000 
C, the composition measured by the means of EDS, Fig. 5, show presence of carbon (table 2). This 
residual carbon, could influence the optical properties of the thin films, increasing the reflectivity of the 
samples. 
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Fig. 4 micrograph for a) Silver nanoparticles-organic matrix/Cu substrate, 0.1M Ag concentration with 
thermal  treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. EDX, Energy dispersive X ray spectra for the sample Silver nanoparticles-organic matrix/Cu 
substrate corresponding to  the mark signaled at Fig. 4. 
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Table 2 Typical elemental chemical composition evaluated by EDS analysis for the solar thin films of Silver nanoparticles-
organic matrix/Cu substrate, 0.1M Ag concentration with thermal treatment.  
 
 
Element Weigth, % Atomic % 
C 79.76 85.76 
O 16.89 13.64 
Cu 2.39 0.48 
Ag 0.96 0.12 
1.4. Atomic Force Microscope study, AFM. 
Some samples of Ag particles-organic matrix/Cu substrates were analysed by means an AFM device, 
Ambios AFM, Q Scope model 253. In the figure 6 it is shown a view of a representative sample Ag 
particles-organic matrix/Cu substrates, with one dipping cycle, showing a 10x10Pm, view, having a 
normal height distribution for these samples. With this study and at this observation scale we can observe 
that the surface seems flat, constituted of small particles at the nanoscale size that led us to a small surface 
roughness evaluation. However, this small view, don’t give evidence us of the macroscopic surface 
roughness showed at the fig, 3, measured in a long range, with a profiler device. Of course, for studies on 
solar energy applications, surface roughness must be referenced not at small level observation but a long 
one like a stylus profile must provide. 
2. Conclusion 
The silver nanoparticles dispersed in an organic matrix (epoxic resine) are stabilized. This solution was 
used to cover several metallic substrates in order to characterize the chemical composition the surface 
morphology and the optical properties of the thin films .The silver dispersion particles in an organic 
matrix, have typical nanosize as can be observed by SEM and EDS characterization and this thin films 
also have good solar optical properties and good enough thermal stabilization, that can be identify this 
coatings on copper substrate like a very good photothermal coating, that can be used like an important 
coatings to the solar collector manufacturing. Further studies to improve the quality of these materials are 
in process in our laboratory. 
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Fig. 6. Ag particles-organic matrix/Cu substrates AFM view, showing a 10x10Pm. A normal height 
distribution for this sample is obtained 
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